Objective. To identify social, behavioral, and physiological risk factors associated with small for gestational age (SGA) by gestational age category in St. Louis City and County. Methods. A retrospective cohort study was conducted using birth certificate and fetal death records from 2000 to 2009 (n = 142,017). Adjusted associations of risk factors with SGA were explored using bivariate logistic regression. Four separate multivariable logistic regression analyses, stratified by gestational age, were conducted to estimate adjusted odds ratios. Results. Preeclampsia and inadequate weight gain contributed significantly to increased odds for SGA across all gestational age categories. The point estimates ranged from a 3.41 increased odds among women with preeclampsia and 1.76 for women with inadequate weight gain at 24-28 weeks' gestational age to 2.19 and 2.11 for full-term infants, respectively. Among full-term infants, smoking (aOR = 2.08), chronic hypertension (aOR = 1.46), and inadequate prenatal care (aOR = 1.25) had the next most robust and significant impact on SGA. Conclusion. Preeclampsia and inadequate weight gain are significant risk factors for SGA, regardless of gestational age. Education on the importance of nutrition and adequate weight gain during pregnancy is vital. In this community, disparities in SGA and smoking rates are important considerations for interventions designed to improve birth outcomes.
Introduction
Small for gestational age (SGA) is defined as being less than the 10th percentile for birth weight [1] . Research shows that clinical outcomes are significantly worse for babies that are SGA when compared with those that are normal-forgestational age [2, 3] . For example, children born SGA have different growth patterns [4] , increased risk of neurodevelopmental delays [5, 6] , and significantly increased risk of death, compared to babies that are not SGA [7] . In St. Louis City and St. Louis County in 2011, 12.0% of singleton births were SGA, with significant differences based upon race (white = 7.8, 95% confidence interval [CI] = [7.2, 8.3] versus black = 17.7, 95% CI = [16.8 18.7] ). Alarmingly, the trend for SGA in this urban area has been significantly increasing since the year 2001 (Mann-Kendall = 48, < 0.05), with SGA among black babies increasing at a significantly faster rate than among white babies [8] (see Figure 1 ).
Previous epidemiologic studies have examined risk factors for SGA. Ernst and colleagues (2011) found that an elevated biomarker of stress (C-reactive protein) during pregnancy was associated with a 2.9 percent increased odds of SGA [9] . Still other studies have found modifiable and nonmodifiable factors to be significantly associated with SGA including parity, maternal age, maternal smoking, black maternal race, maternal height, maternal prepregnancy weight, maternal education, preeclampsia, weight gain during pregnancy, socioeconomic status, stress, and drug use [10] [11] [12] [13] [14] [15] [16] [17] . A prospective cohort study identified several risk factors for SGA among normotensive women, including low maternal birth weight (adjusted odds ratio [aOR] = 1.1, 95% CI = [1.03, 1.14]), smoking (aOR = 1.4, 95% CI = [1.2, 1.6]), low fruit intake before pregnancy (aOR = 1.7, 95% CI = [1.2, 2.6]), and vigorous daily exercise (aOR = 3.2, 95% CI = [1.3, 7 .9]) [16] . Thus, some of the risk factors for SGA may be modifiable by changes in behaviors such as diet, smoking, drug use, and stress. Risks for SGA have also been evaluated across gestational age categories [2, 18] . One study conducted in Sweden examined SGA risk by three gestational age categories: ≤32 (very preterm), 33-36 (moderately preterm), and 36+ (term) weeks' gestation. Preeclampsia and essential hypertension were associated with a significantly increased risk of SGA across each gestational category, but among very preterm infants, the risk for SGA was significantly increased (odds ratio [OR] = 40.5 and OR = 32.5, resp.) [2] . In the same study, smoking was associated with an increased risk of SGA among moderately preterm and term infants [2] . In Missouri, a population based analysis of linked birth certificates from 1989 through 1997 found significant associations between preterm birth (defined as 20-34 weeks' gestational age) and eclampsia, preeclampsia, smoking, and inadequate prenatal care [19] . While risk factors for preterm births have been evaluated with data from Missouri, an understanding of risk factors for SGA by gestational age category might help prevent future morbidity and mortality.
This present study intends to build upon the model presented in the Clausson et al. study by examining risk factors for SGA by gestational age category in St. Louis City and County, a region with rising rates of SGA and large racial disparities. We examined social, behavioral, and chronic disease predictors for SGA, overall and stratified by gestational age.
Materials and Methods
We conducted a retrospective cohort study using a secondary data analysis of birth certificate data and fetal death records obtained from the Missouri Department of Health and Senior Services. Live birth records were obtained from live birth certificates and fetal death records were obtained from fetal death reports that were filed with the Missouri Department of Health and Senior Services in accordance with state law. In Missouri, the birth certificate and fetal death systems have been in place since 1911 and the data geographically covers both St. Louis City and County. Live, singleton births and fetal deaths of white, non-Hispanic women ( = 85,550) and black, non-Hispanic women ( = 56,467) from 2000 to 2009 were examined.
Demographic characteristics and pregnancy risk factors were obtained from birth certificates and fetal death reports. These included gestational age (≤28, 29-32, 33-36, and 37+ weeks), race (white, black), maternal age (≤19, 20-34, and ≥35), maternal education (<12, ≥12 years), Medicaid (yes, no), parity (nulliparous [first pregnancy], primiparous [second pregnancy], and multiparous [≥ third pregnancy]). Selfreported pregnancy risk factors included preeclampsia (yes, no), chronic hypertension (yes, no), chronic diabetes (yes, no), smoking status during pregnancy (yes, no), inadequate prenatal care (yes, no), and inadequate weight gain (yes, no). Smoking status during pregnancy was defined as any tobacco use during pregnancy. Inadequate prenatal care was defined by the Missouri Department of Health and Senior Services as fewer than five prenatal visits for pregnancies less than 37 weeks' gestation, fewer than eight visits for pregnancies of 37 weeks' gestation or more, or care beginning after the first four months of pregnancy. Inadequate weight gain was calculated based on body mass index (BMI) category before pregnancy, weight gained during pregnancy, and gestational age. BMI was calculated based on self-reported maternal height and weight using Institute of Medicine (IOM) guidelines [20] . The women were classified as underweight, normal weight, overweight, and obese. Weight gained during pregnancy was also self-reported. Based on IOM guidelines, a weight gain of less than the recommended minimum number of pounds by BMI and gestational age was classified as inadequate weight gain [20] .
Gestational age was calculated by the Missouri Department of Health and Senior Services using an algorithm of both clinical estimate and length of pregnancy. The clinical estimate was used to determine gestational age when the calculated length of pregnancy was greater than 44 weeks' gestation and when birth weight and length of pregnancy combinations were deemed implausible, including cases where the length of pregnancy was 24-28 weeks' gestation and the birth weight was greater than 2999 grams, the length of pregnancy was 27-32 weeks' gestation and the birth weight was greater than 3999 grams, or the length of pregnancy was greater than 31 weeks' gestation and the birth weight was greater than 500 grams and less than 1000 grams. For all other cases, the calculated length of pregnancy was used to calculate gestational age.
The outcome of interest, size for gestational age, is a binary indicator for SGA. SGA was defined as birth weights less than 90% of other infants who are born at the same gestational age. The cutoff points for SGA are described elsewhere by Alexander et al. and were used to determine SGA classification, using a United States reference [3] .
The final sample size for analysis was 142,017 (live births = 141,579; fetal deaths = 438). Before any restrictions, there were 174,558 data points for live births. After restricting for birth weight of 500 or more grams and to white or black women, there were 159,652 remaining live births. Of these remaining cases, 0.06% were implausible gestational age and birth weight combinations, leaving a sample of 159,547 live births. Also, an additional 5% of cases were excluded due to biologically implausible values for height (<40 and >83.875 inches) and weight (<75 and >350 pounds) and trimming the most extreme 1% of BMI values, observations greater than the 99.5 percentile or less than the 0.5 percentile (<16.5986 and >50.7722), to remove outliers, leaving a sample size of 151,216 [21] . Of this sample, 6.3% were excluded due to missing data on any covariate included in analysis, leaving a final sample size of 141,579 live births. There were 1,366 fetal deaths in St. Louis City and County for the 2000-2009 birth cohort. Live births and fetal deaths at 24 weeks' or above gestation and 500 or more grams were included. The fetal death data were also restricted to black and white women, leaving 646 data points. Approximately 0.6% of these cases were found to have implausible gestational age and birth weight combinations, excluding them from analyses and leaving a sample size of 642. Also, an additional 12% of cases were excluded due to biologically implausible values for height (<40 and >83.875 inches) and weight (<75 and >350 pounds) and trimming the most extreme 1% of BMI values (<16.5986 and >50.7722) leaving a sample size of 561 [21] . Cases with missing values were also excluded (22%) leaving a final sample size of 438 fetal deaths.
Multivariate regressions were conducted on each covariate in two analyses, one of pooled data and one of stratified data. The pooled analysis calculated adjusted odds ratios for each covariate. For the stratified analysis, gestational ages were categorized as follows: 24-28 weeks (extremely preterm), 28-32 weeks (very preterm), 33-36 weeks (preterm), and full-term (37 or more weeks). The stratified analysis included four separate multivariable logistic regression analyses for each gestational age category. Covariates used as adjustments in each of the two analyses included maternal race, maternal age, maternal education, Medicaid, prenatal care, weight gain, parity, smoking, diabetes, chronic hypertension, and preeclampsia. The multivariable logistic regression analyses were used to estimate adjusted odds ratios and 95% confidence intervals for risk factors, using SGA as the outcome. All tests were two-tailed at a 0.05 significance level. SAS version 9.2 was used to perform all analyses. 
Results

Pooled
Discussion
We found that preeclampsia and inadequate weight gain contributed significantly to an increased odds for SGA across all gestational age categories. The significant point estimates ranged from a 3.41 increased odds among women with preeclampsia and 1.76 increased odds for women with inadequate weight gain at the 24-28 weeks' gestational age category to a 2.19 and 2.11 increased odds for full-term infants, respectively. Among full-term infants, smoking (aOR = 2.08), chronic hypertension (aOR = 1.46), and inadequate prenatal care (aOR = 1.25) had the next most robust and significant impact on SGA. According to the World Health Organization (2011), calcium supplementation, low-dose aspirin before 20 weeks' gestation, antihypertensive and magnesium sulfate for women with severe preeclampsia, and induction of labor are strongly recommended to prevent or treat hypertensive disorders during pregnancy, which includes preeclampsia [22] . In terms of weight gain during pregnancy, guidelines for weight gain were updated by the Institute of Medicine in 2009, but only a small proportion of pregnant women report that their providers talk to them about weight gain during pregnancy [23] . Education on maternal nutrition and the importance of adequate weight gain during pregnancy may be beneficial in this population [24] . Finally, in another paper currently being written and using this same data set, women who received inadequate prenatal care were found to have 23% increased odds of smoking (aOR = 1.23, 95% CI = [1.01, 1.49]) [8] . The recommendations for preventing and treating hypertensive disorders, smoking, and weight gain during pregnancy suggest that early entry into prenatal care may play an important role in ameliorating the growing and disparate prevalence of SGA in this large urban community. Interestingly, a number of risk factors were found to have a different effect on SGA between the pooled analysis and the stratified analysis. For example, in the pooled analysis, younger age was not significantly associated with SGA; however, in the stratified analysis, younger age had a 69% decreased odds of SGA at the 24-28 week gestational age category. Inadequate prenatal care in the pooled analysis had a 16% increased odds of SGA, but in the stratified analysis, it was found to have a 16% decreased odds of SGA at the 33-36 gestational age category. We suspect that the relationship between risk factors and SGA was obfuscated in the pooled data, and the stratified analysis suggests that earlier entry into prenatal care may be exceptionally important. For example, if younger women delay entry to prenatal care, they may have missed opportunities for clinical interventions at earlier gestational categories. The impact of clinical interventions as it relates to SGA warrants further study.
There were a few notable results that warrant further consideration. In contrast with Clausson et al., for example, we found that women with lower education have significantly decreased odds of SGA at the 33-36 weeks' gestational age (aOR = 0.72). In addition, education and adequate prenatal care were found to have conflicting impacts at 33-36 weeks' gestation in comparison with term (37+ weeks) infants. For example, lower education was found to have significantly reduced odds of SGA at 33-36 weeks (aOR = 0.72) and significantly increased odds for SGA for term infants (aOR = 1.14). Inadequate prenatal care was also found to have significantly decreased odds for SGA at 33-36 weeks (aOR = 0.84) and significantly increased odds for SGA among term infants (aOR = 1.25). Additionally, diabetes was associated with decreased odds of SGA among those 33 weeks' gestation or greater. The risk of macrosomia is greater among women with diabetes; therefore, SGA is less likely to occur within this population [25] . More research is needed to disentangle the relationship between gestational age and these important covariates.
Strengths and Limitations
This analysis has several limitations. There is no recommended "gold standard" to computing gestational age [26] . The gestational age calculation used for this study was based on the last menstrual period or clinical estimates, and some infants may have been misclassified into the wrong gestational age category [26, 27] . Another limitation to this study has to do with misclassification of SGA, as SGA may be underestimated at earlier gestational ages due to diverse populations and gender differences, and gender information was not available for this analysis [28, 29] . However, when we compared the proportion of SGA in our study with the proportion of SGA in a more recent and diverse sample [29] , we found that our proportions differed by less than 3%. This small difference may have clinical implication for care of a SGA infant misdiagnosed as an AGA, but minimal impact when estimating risk among a large population based sample. All covariates were self-reported, increasing the possibility of self-report bias and recall bias, especially regarding tobacco use, prenatal care visits, and weight gain during pregnancy [30, 31] . Although self-reported data introduced bias into the analysis, research has shown that self-reported data provides reasonably accurate data on chronic conditions and can therefore provide useful estimates of the prevalence of certain conditions [32] . In logistic regression, there is a general rule that there should be a minimum of 10 events per predictor variable, a condition that was not met in the 24-28 weeks' gestational age category [33] . Therefore, the results in this category should be interpreted with caution. Residual confounding is also an issue, as with any secondary data analysis, we were limited to variables that are included in the data set, and other important markers of SGA such as stress, intimate partner violence, and drug and alcohol use, for example, were not available. Diabetes was evaluated in the study as well; however, we lacked information on the type of diabetes (I or II). Finally, since the study only included subjects from St. Louis City and County and white and black women, there is decreased external validity, so the results may not be generalizable to other populations. In spite of these limitations, we believe they are outweighed by the strengths of this analysis that include the large population size, which provided enough power to detect differences between groups and the wide range of potential and important confounders that were evaluated.
Conclusions
Results suggest that gestational age is an important consideration when evaluating risk factors for SGA in St. Louis City and County. Efforts around disparities in SGA and smoking rates are important considerations for any efforts designed to improve birth outcomes in this community. This analysis also reinforces the need for prompt identification and expectant management of women diagnosed with preeclampsia. The impact of preeclampsia on SGA is greatest among those 24-28 weeks' gestation, while the impact of inadequate weight gain on SGA is greatest among term infants (37 weeks' gestation or greater). Women should also be educated on the importance of maternal nutrition and adequate weight gain during pregnancy. Finally, while the pooled analysis showed no significant impact of low education, and slightly lower point estimates regarding Medicaid and inadequate prenatal care, these social determinants were significant predictors of SGA when compared with full-term infants. Thus, interventions that focus on social determinants that promote wellness, such as access to a higher standard of living that might promote high quality education and early access to high quality care, will likely have a dramatic impact not only on the health of pregnant women and their babies, but perhaps on their hopefulness regarding their future.
